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© Polyisocyanurate foam. 



© The present invention provides for a 
polyisocyanurate foam comprising the reaction prod- 
uct in the presence of a blowing agent and catalyst 
of 

(a) an isocyanate group-terminated quasi- 
prepolymer prepared by reacting an organic 
polyisocyanate with-an organic compound having 
at least two active hydrogen atoms, and 
to (b) a minor amount- of polyol component char- 
<t acterized trfthat the polyol component comprises 

(i) a polyester polyol having a free glycol con- 
to tent of less that about 7 percent by weight of 

the polyester polyol or 

(ii) a mixture of the low free glycol-containing 
0> polyester polyol with at least one other polyol. 
W the total free glycol content of mixture (b) 
q being less that about 7 percent by weight of 

the polyester polyol. 
Sj Also disclosed is a polyur than foam and lami- 
nate products utilizing th polyisocyanate and poly- 
urethane foams. 
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© Polyisocyanurate foam. 

@ The present invention provides for a polyisocyanurate foam comprising the reaction product in the presence 
of a quasi-prepoiymer prepared by reatfng an organic poiyisocyanate 

with an organic compound having at least two active hydrogen atoms, and , . e 

(bU minor amount of polyol component, characterized in that the polyol component compnses 
%) T polye^^lyoi having a free glycol content of less that about 7 percent by we.ght of the 

polyester po^ glyco ^ ntai ning polyester polyo. with at leas, one ofrer^lyol. the 
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This invention r lates to the polyisocyanurate and polyurethane foams characterized by mproved 
insulating prop rties. Mor particularly, the invention relates to an improvement in the foams insulating 
capacity by reacting a polyisocyanate prepolymer and polyester polyol containing low free glycol. 

The preparation of foams characterized by isocyanurate and urethane linkages is well known .n the art 
s Generally, these foams are prepared by reacting an organic polyisocyanate with a polyol in the presence erf 
a blowing agent and a catalyst(s). Polyester polyols of many types can be used as the polyol components 
In the production of these foams. 

Because of the relatively high cost of various typical polyols useful in making cellular polymers and 
because an inexpensive source of polyols is now available from such sources as crude dimethyl 
io terephthalate oxidate residues, recycled poly (ethylene terephthalates). and various other scrap polyester 
sources, efforts have heretofore been directed to processes for converting these materials to commercial y 
useful polyester polyols. These efforts have led to a number of polyester polyols found to be highly suitable 
in producing foams of good quality. However, there is still a search for Improvements in these polyols and 
the ways of using them in foam manufacture. 
, 6 It is also known that polyols. including certain aromatic polyester polyols, can be reacted with 
isocyanates to form isocyanate-terminated quasi-prepolymers which in turn can be used in the formation of 
polyurethane and/or polyisocyanurate foams, as disclosed. e.g.. in U. S. Patent No. 4.791 ,148. 

A most important characteristic of rigid foams is their insulating value which is expressed by the k- and 
aaed k- factor. The k-factor is a measurement of the insulating properties (thermoconductivrty) and the aged 
factor indicates insulating properties over time. Foams prepared from the above-noted 9f si ^ re P°'y m *s 
of U S Patent No 4791,148 exhibit low initial thermal conductivity values and maintain low thermal 
conductivity values after prolonged periods of use. It would be most beneficial to provide still further 
improved formulations for the production of rigid foams having a combination of advantageous properties, 
including especially good insulating properties, as reflected in low Initial thermal conductivity values and low 
25 thermal conductivity values after prolonged periods of use. 

The present invention relates to the production of Improved rigid plastic foams, especially 
polyisocyanurate and polyurethane foams, having a combination of advantageous properties, including 
excellent thermal insulative properties, reduced friability, and good dimensional stability, thermal res.stance. 
and compressive strength, and an.improved method of producing the foams. 

The present invention also is directed to the production of closed cell foam matenals which can be 
used in building panels which are highly insulating, thermally resistant low in friability, and soundproof. 

The present invention also concerns the production of a polyester polyol-containing composrtion for use 
in the preparation of rigid plastic foams having a combination of advantageous properties, especially an 
improved insulating efficiency. 

The present invention relates to the combined use of a polyisocyanate prepolymer and a polyester 
polyol composition containing a low free glycol content for the formation of rigid plastic foams having 
improved insulating properties. While the polyisocyanate prepolymer and low free glycol-conteining polyes- 
ter polyol compositions individually contribute to the formation of low k-factor foams, rt has nwbaen 
surprisingly discovered that their combined use results in the production of foams havmg lower k-factors 

40 than foams made with either composition alone. . . . 

More particularly, the invention relates to a polyisocyanurate foam compns.ng the reaction product in 
the presence of a blowing agent and catalyst of . 

(a) an isocyanate group-terminated quasi-prepolymer prepared by reacting an organ.c polyisocyanate 
with an organic compound having at least two active hydrogen atoms, and 
46 (b) a minor amount of a polyol component, characterized in that the polyol component comprises 

0) a polyester polyol having a free glycol content of less than about 7 percent by weight of the 
DolvBstef doIvoI or 

ffiLa mixture of the low free glycoKontalning polyester polyol with at least one other polyol. the 
total free-'glycel content of mixture (b) being less than about 7 percent by weight of the polyester polyol. 
so The invention further particularly relates to a polyurethane foam comprising the reaction product in the 
Dresence of a blowing agent and a catalyst of , 

(a) an isocyanate group-terminated quasi-prepolymer prepared by reacting an organ.c polyisocyanate 
with an organic compound having at least two active hydrogen atoms, and 

(b) a polyol component, characterized in that the polyol component composes a polyol mixture 
56 containing a polyester polyol having a free glycol content of less than about 7 percent by weight of the 

polyester polyol. the amount of th low free glycol-containing polyest r polyol in the polyol mixture being 
sufficient to reduce the aged k-factor of the- resultant foam to below the aged k-factor of the corresponding 
foam prepared from the same foam-forming composition and having th same ind x xcept that the polyol 
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mmnonent does not include the low free glycol-containing polyester polyol. 

S prided » laminate product utilizing the polyisocyanurate and, polyurethane foam ^ 
SSsocyanate prepolymers (quasi- prepolymers) may be prepared by reacting « «~ 

nm^^Srate a mixture of polyisocyanates with a minor amount of at least one active hydrogen 

™^ p ol y* ster p° ,yo1 ^p° sitions of *• in r ention may n 1 

oS^S acid and/or acid derivative with a polyol component com P ns,ng at 

S one gfycol compound. The improved foams of the invention advantegeously compnse 
KU^-nd Poiy-ethane foams prepared by reacting together ^ s -^ 
prepolymer and the low free glycol-containing polyester polyol I composite, ml opt onatty ' <^ 
Hydroxy, compounds in the presence of a blowing agent(s). The reaction may be earned out in the 
nracpncH of cataivsts auxiliaries and additives as required (e.g., a surfactant). 
P TrisocjSE; rnSd quasi-prepolymers of the invention are prepared by reacting together one or 
rnore orsS^SeT wit? an organic compound having at .east two active hydrogen atoms as 
d^errnined bv the well-known Zerewitinoff test, as described by Kohler .n Journal of the American 
ScTsocU 40 3 B (1927) . The reaction takes advantage of the reactivity of the .socyanate groups 
^roSsTmuitiple molecular units of higher molecular weight. Chain building compounds com 
^vrnvdroaen atoms which are particularly useful are polyester and polyether polyols. especialy 
5L?^"n2E« 01 Poly— - polyether polyol, The 

Redetermined amount sufficient to produce reactive polyisocyanate P^o"/^ °f *e J^jJ^J 
weight (e.g.. 140 to 250) and significant excess isocyanate functionary. Generally the quashprepolymers 
J See socyanate content o?from 16.8 % to 30.0 %. preferably 24.0 % to 29.0 % by weight 

The oreoaration of the quasi-prepolymer may be exemplified with reference to that denved from a 
poiXT Tte preparation is aSmplished simply by reacting the isocyanate and polyester polyohn 
aluSle Son ves P sei generally in an inert (nitrogen) atmosphere. The Isocyanate Is pre erably heated 
to w^oxirSy 50* to 00* C. before addition of polyester polyol, which is added gradually with stimng 
ITS perio To time generally between 15 minutes and several hours^A modest exo^erm H . owed Mb 
Tvetoo and the temperature is increased, to approximately 90 C. and held there until the des.red NCO 
content is reached, after which the product is discharged. „ anora ii„ i« not less 

The auantitv of polyester polyol which is reacted with the isocyanate may vary, but generally is not less 
thanl^en? and ml ^more than 30 percent relative to the weight of the final quasi-prepolymer and 
S4£7p^ ° Z. The stoichtometry must be such that sufficient equivalents 
SeSm to fcsure toat the finished quasi-prepolymer will be isocyanate-terminated. as ,s well * 
Sri in toe art Examples of analogous formulations and their stoichiometrics may be found m 
TOLYU|5et^AnS: SSItRY AND TECHNOLOGY, volumes I and II, by Saunders and Fnsch pub- 
Hshed by™y-lntersctonce. Catalysis is generally not required to form the 
ndSiraole^o indude nonremovable catalysts whose residue catalytic 

merization leading to undesirable increases In viscosity dunng storage ^^f^™ * 
promote the reaction of isocyanate groups with each other may be used, espec.ally when trie quasi 

nr«nolvmer is to be foamed within a short time. . 

Svis suiteble for the preparation of the isocyanate-terminated prepolymers are, for example, the 
v JufalM to ^cartex^Ltes and tin carboxylates. Preferably used when catalysis is desired for example 
T tin-^^r^^fin dilaurate When catalysts are used, they may be present in amounts at 

lil^t?^?^ P- ferab 'v from 001 to °- 1 percent by we,9ht M indiCated Pr6V V ' 
„ ^'o^cto^ato'sto be reacted with the chain builders have a fur.ctiona.Hy of two or higher. For . 
exanZ.T^irsocyanates. poiyisocyanates. or mixtures thereof may 

omknic socvanates may be aliphatic, cycloaliphatic. alicyclic. aromatic or aromatic aliphatic Isocyanates 
TTvano^yaZs^ for the" preparation of the quasi-prepolymers of the .nvention are well 

. kn °Lonf toet^yisJc^ates suitable for the practice of the subinvention 

aliph^c isocyanates such as tetramethylene. hexamethylene, octamethylene ^ **^*? 
Sfrt their alky, substituted homologs; cycloaliphatic ^^^a^d^ 
cvclohexane dilsocyanates, 2.4- and 2.6-methylcyclohexane diisocyanates, 4,4 ana 
dohlxv^^ diisocyanates. 1.3.5-cyclohexane tn.socyanates. 
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diisocvanate 2 4- 4.4 -and 2.2-biphenyl diisocyanates. 2.2-. 2.4 - and 4,4'-diphenylmethane dilsocyanates. 
^^^yL^enyL^L,^ (polymeric MDI); and aromatic aKphatic .socyanates such 

^'^a^"— s may .so be utifced, for exampie 
melai. Modified polyisocyanates. such as carbodiimlde or isocyanurate can also be ^^j" 
c^bodiimide group- and/or isocyanurate ring-containing P<-» to «^^ 1 ^^ 
15to 336 percent by weight, preferably from 21 to 31 percent by weight are also effective, ^example 
M^TTaI.. 24'- and/or 2.2-diphenylmethane diisocyanate and/or 2.4- and/or 2.6-toluene 
SSx-ySS aTd prcferabiy 2.4- and 2.6-toluene diisocyanate and the corresponding isomer «*«M£ 
2 4 and 2 V«liphenylmethane diisocyanates as well as the corresponding isomer m.xtures, for example 
mtlrefof anH 4^.phenyimethane diisocyanates. mixtures of diphenyimeftane d„socyanates and 
r^Senv polymTthylene polyisocyanates (polymeric MDI), and mixtures of toluene diisocyanates and 
Z^ETX^"£~i. are me aromatic 

Preferred are 24-. and 2,6-toluene diisocyanate and mixtures thereof (TDI). 2.4-. 2,2 - and 4.4 diphenyl 
meSe dloSanaS (MDI), polymethylenepolyphenylenepolyisocyanates (polymeric MDI). and rmxtures of 
the above preferred isocyanates. 

Most particularly preferred are the polymeric MDIs. me .. hnri whirh are 

Suteble active hydrogen-containing groups as determined by the Zerewrtinoff method which are 
reactiTwfft STsoSanaTg^up include -OH. -NH-. -COOH. and -SH. Examples of suitabe types of 
^£££Z*uA « "east two active hyd^en-containing groups which ^,v«^n 
Z/anate group are hydroxyl-terminated polyesters, polyalkylene polyether polyois, Mr^nr.nated 
DoS^fSoWmers. polyhydric polythioethers, alkylene oxide adducts of phosphorus-containing acds. 
ooKS aE aliphatic Wols including alkane. alkene and alkyne thiols having two or more 
Ih^uds- Eines^iluding both aromatic. aliphatic and heterocyclic diamines, as well as matures 
Xtort^^bTwL two or more different groups within the above-defined classes may also 
^^S3«r«lfl» process of the present invention such as. for example amino ateohols 
whi* airTa^ amino group and a hydroxy! group. Also, compounds may be used wh.ch contain one -SH 
group as well as those which contain an amino group and a -SH group. DrodU cina 
In a preferred embodiment of the invention, polyester polyois are used as chain bu. ders n P^ang 
the socySe terminated quasi-prepofymers. However, whether prepared from a ("^P^*™ 
X* chain builder the quasi-prepolymers are polymerized in the presence of a specific polyol, viz., a 
SvesST pojo Ln . £ free gU> content, to form the inventive poiyisocyanurate and/or polyure- 
2«* low initial thermal conductivity values and maintain low thermal conducts 

^SCOT^ can be prepared by known procedures from a polyene : acid 
compone^ comprising a p^c*rboxylic acid or acid derivative, such as an "Jjj** ^ 
DOlvcarboxyllc acid, and any polyol component the polyol component compnsing a glycolls) or a glycol 
lWn^rtpoliin«» production of the low free glycol-containing polyester polyol The 

P** Smponents may. of course, be used as mixtures of two or 
rZaration of the polyester polyois. Particulariy suitable polyester polyois for use in preparing the quasi 
JreXers the quasi-prepolymers in foam production are aromatic polyester polyois 

*^p^?££Z~ Po'yo's is accomplished by simply reacting the polycan^xy.ic acid or 
add ^rSaUvTvl the pofyol component in a known manner until the hydroxyl and acid values of the 
£S£2U« iVtT desired range. The reaction typically is performed at ?>P«*^™*£ 

to 250>for a period from about 1 to 10 hours. The reaction can be earned out as a 
or continuously. When Resent, excess glycol can be distilled from the reaction mixture dunng^ and/o after 
L^SoTsuch as in the preparation of the low free glycol-containing polyester polyois. Normally, an 
S^S&o* of catalyst is aSded to promote the present reaction *j ^^£lSS^ 
transesterification catalyst (single compound or mixture of compounds) can be used. Suitable catalyse 
SuTorgSn Snjounds Particularly tin compounds of carboxylic adds such 
slnous oleate. stannous acetate, stannous laurate. dlbutyl tin dilaurate and other such tin sate. Addrtional 
suitable metal catalysts include tetraisopropyl titanate. and other such titanate salts, and the like. 

^e oScSto add component may be aliphatic, cycloaliphatic. aromatic and/or heterocyclic and 
mav^PtiS^ubSed. foV example, by halogen atoms, and/or may be unsaturated Examples ; of 
Sbl ciooxyVc adTand derivatives thereof for the pr paration of ft polyester polyois mclude: oxalic 
ad? mato^te 2 succinic acid; glutaric acid: adipic add; pimelic acid: suberic add; az laic acid; sebacic 
S phSc add s^hthalic ad* trimellrtic acid; ter phthalic acid; phthalic acid anhydnde; tetrahydroph- 
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malic acid anhydride; pyromellltic ^lanhydrlde; hexahydrophthalic acid anhydride; t ^^f^t 

^Polyester poiyols whose acid component advantageously comprises at .east about 30% by weight of 
phthallc acid residues are particularly useful. By phthalic acid residue is meant the group 
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alcohols, such as. for exampl . monoethanolamine. diethanolamine. triethanolamine. or the like may > al so J* 
uMd ! Moreov r. the polycarboxylic acid(s) may be condensed with a mixture of polyhydnc alcohols- and 

^ExalSteTof suitable polyhydric alcohols include: ethylene glycol; propylene glycol-<1,2) and -(1.3); 
butylene glycoH1.4) and -(2.3); hexane diol-(1.6); octane diol-(1.8); neopentyl glycol; 1 ,^bishydroxymethyl 
cyclohexane; 2-methyM .3-propane diol; glycerin; trimethylolpropane; trimethylolethane; hexane triol-<1 AJ. 
butane triol-(1 .2.4); pentaerythritol; quinitol; mannitol; sorbitol; formitol; a-methyl-glucoside; dietiiylene gly- 
col- triethylene glycol; tetraethylene glycol and higher polyethylene glycols; dipropylene glycol and higher 
polypropylene glycols as well as dibutylene glycol and higher polybutylene glycols. Especially suitable 
polyols are alkylene glycols and oxyalkylene glycols, such as ethylene glycol, ethylene gyco 
dipropylene glycol, triethylene glycol, t/ipropylene glycol, tetraethylene glycol, tetrapropylene glycol 
ShyTene glycol and tetramethylene glycol, and i.4-cyclohexanedimethanol(1.4*.s.hydroxyme. 

* yl ^e°teTrT"polyester polyol" as used in this specification and claims includes any minor amounts of 
unreacted polyol remaining after the preparation of the polyester polyol and/or unestenfied polyol added 

The^^Symer-bullding polyester polyols advantageously have an average functionality of about 1 .8 
to 8. preferablyriout 1.8 to 5. and more preferably about 2 to 2.5. Their hydroxy! number values generally 
fall within a range of about 15 to 750. preferably about 30 to 550. and more preferably about 100 to 550. 

The quasi-prepolymer may be produced from commercially available polyester polyols. Examp les of 
such polyester polyols are those derived from PET scrap and available under the designation Chardol 170 
570 571 and 572 from Chardonol and Freol 30-2150 from Freeman Chemical. Examples of suitable DMT 
derived polyester polyols are Terate* 202. 203. and 204 polyols. which are available from Hercules 
incorporated. Phthalic anhydride derived-polyester polyote are commercial* available 
Pluracol® polyol 9118 from BASF Corporation, and Stepanol PS-2002. PS-2402, PS-2502A, PS-2502. PS- 
2522 PS-2852 PS-2552. and PS-3152 from Stepan Company. NCO-capped prepolymers prepared from 
the phthalic anhydride derived polyester polyols. and the foams prepared therefrom constitute preferred 
embodiments of the present invention. ..... ^ ^ 

TreVeparation of the foams of the present Invention, the quasi-prepolymer is reacted wrth a low free 
glycol-containing polyester polyol whose free glycol content is sufficiently low to ^^"V™*?"* 
Fmprovement in foam insulation value. Typically, the free glycol content is less than about 7. P'efer^lyless 
than about 6. and more preferably toss than about 5. percent by weight of the total polyester polyol 

C °Te g^cols which ^ reacted with the above-described polycarboxylic acid components in producing 
the low free glycol-corrtaining polyester polyols may contain heteroatoms (e.g.. thiodiglyco I] I ^ may to 
composed solely of carbon, hydrogen, and oxygen. They are advantageously simple glycols of the generd 
formula CrWOHh or polyglycols distinguished by intervening ether linkages in the hydrocarbon chain, as 
repTierSbSMhe genera i formula C n H 2n0x (OH) 2 . .n a preferred embodiment of the invention, the glycol ,s 
a low molecular weight aliphatic diol of the generic formula: 
40 HO-R-OH 

wherein R is a divalent radical selected from the group consisting of: 

(a) alkylene radicals each containing from 2 through 6 carbon atoms, and 

(b) radicals of the formula: 

« wheSfoRMs an alkylene radical containing from 2 through 6 carbon atoms, and m is an integer of from 1 
through 4, and - - 

(c) mixtures thereof. „ , . . 

Besides th*<ilycols. any suitable polyhydric alcohol may be used in prepanng the free glycol- 
containing polyester polyols. These additional polyols can be aliphatic, cycloaliphatjc, aromatic and/or 

so h^ydic^d are "eferably selected from the group consisting of diols. triols an It** Jjj** 
optionaiiy may include substftuents which are inert in the reaction, for example, chlorine and gramme 
substituents. and/or may be unsaturated. Suitable amino alcohols, such as. for example, monoethanolamine, 
diethanolamine, triethanolamine. or the like, may also be used. These additional P°y°ls are usee .n 
amounts which do not detract from the enhanced insulating properties stemming from the low free glycol 

polycarboxylic acid and/or acid derivative, especially one containing a phthalic acd r sidue (e.g.. phthahc 
anhydride), with an alkylene glycol having the formula 
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5 wherein R* is hydrogen or lower alkyl of one to four carbon atoms, preferably hydrogen or methyl, and z is 
Sm to 5. preferably 1 to 3. and more preferably 1 to 2. Examples of the alkylene glycote are «thy lene 
Sol propylene glycol, diethylene glycol, dlpropylene glycol, triethylene ^,«*^",«JSi 
Cylene g^coll f and tetrapropylene glycol, among others, and mixtures thereof. Especally su,table 

» ^"^^CrSSSSU Poivester po.yo. of the present .ventio « « 

rather brS ranges. The viscosities (Brookfield) of the polyol measured in cps. at 25 C fall ^nartw 
S range from about 500 to about 500.000. preferably about 500 to 

about 2.000 to about 50,000; the hydroxyl number values fall within a range of from ab out 11 5 to. about 750 
prt«B* about 150 to about 600. and most preferably from about 160 to about 320; and the acid number 

16 falls within a range of from about .2 to about 40 and preferably about .2 to about 10. 

SS pS«d low free glycol-containing polyester polyols of the invention are , d. .nvec I from ,the 
reaction of phthalic anhydride or phthalic acid with ethylene and/or diethylene glycol, and are * aracte" z ed 
bv a viscosrty in cps at 25* C of about 8,000 to 35.000. a free glycol content of from fo* 0 ttraugh 5 
Srcen^weight of the polyester polyol. and a hydroxyl number within a range of from about 190 to 240 

20 ^ pVy nT foams 5tt» present invention can be prepared by using standard techniques Known to 
those^ed * the art. In an advantageous embodiment of the invention, the ^ ^ojycc^^ 
Syes^er polyols are employed In admixture with at least one other polyol in the products 
2S me polyurethane foams. The polyisocyanurate and polyurethane cams can be prepared by 
S together' Je quasi-prepo.ymer and the tow free g.yco^ntaining polyester polyol. catatyst and 

25 blowing agent at temperatures ranging from about 0 C to 150 C. . nrnrfuet 

The polyisocyanurate or polyurethane foam of the invention particularly comprises the react.cn product 
of an isocyanate group terminated quasi-prepolymer and a polyol component which comprises 

30 n«.« a nr« «f a hlowino aaent a catalyst and auxiliaries and additives as required. The amount of the low 

P°'y°' < b > is advantageously sufficient to reduce the aged 

SoTtf S Surtan'fim to below the aged k-factor of the corresponding foam P^^J^^S 
foam^n^ing composition and having the same index except that the polyol component sole* consists £ 
M otheTpolyol oV polyols and excludes the low free glycol-containing polyester polyol. Preferably the 

36 Syo^rnXnt employed in manufacturing the polyisocyanurate or polyurethane foam of the invention 

JJTpJester po.yo. having a free glycol content of .ess than about ^^^LtT^Z 
P o.yol or (b) a mixture of the free glycol-containing polyester polyol with at least one °^^^ 
free glycol content of polyol mixture (b) being less than about 7 percent by weight of the content of 

" PO, C r poTX^ffolTcin be prepared by reacting the polyol of the invention and quaere polymer 
on basis in the embodiment wherein the low free ^containing 

ilTS of me Invention^ combined with another polyo.(s) to produce j£ 
low free abcol-containing polyester polyols of the invention can comprise about 5 to 100, preferably about 

" ^tolo a^moS preferably about 40 to 60, weight percent of the total polyol content in the foam 

prep^on* ^ ^ ^ ^ quaS i.p r epolymer with a 

minoTamSTXTsuch as sufficient polyol to provide about 0.10 to 0.70 hydroxyl equivalents of 
^SSJSFS-d po.ylsocyanateprepo.ymer. wherein the low ^^^JnX 
60 Slyol of thTinvention comprises about 5 to 100. and preferably about 50 to 100. weight percent of the total 

^T^^T^Z™*™ in the production of the polyisocyanurate to***. £<- 
aJriSZmi to. polyol are generally mixed in an equivalent ratio of 1.5:1 to 12:1 and preferably 2:1 to 
ss foT r^es^ these proportions the reaction tends to yield a product havmg less des,rable 

55 ^ IS' ££ wlScan b employed In combination with the low free glycol-containing polyester polyols 
of iT^t^*-*" of the polyurethane and polyisocyanurate foam composes mclude 
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monomeric polyols and polyeth r polyols in general. The polyether polyols ar found particularly usefuin 
SS^S^^ttai foams. Th oolyfunctional active hydrogen inltJators used In , producing the 
SoSS Xl^preferably hav a functionality of 2-8. and more preferably have a funchonahty of 3 or 

6 9re t[y sStaSe 8 blowing agent can be employed in the foam compositions of the present h«*n^ 
air. nitrogen, carbon dioxide, readily volatile organic substances and/or compounds wh,ch decompose .to 
Hberate gases (e.g.. azo compounds may be used). Typically, these blow.ng agente are liquids hav.ng a 
boiling pL between minus 50* C and plus 100'C and preferably between 0 C and 50 C. The preferred 
liquidi are hydrocarbons or halohydrocarbons. Examples of suitable blow.ng agents include 

, 0 chlorinated and fluorinated hydrocarbons such as trichlorofluoromettane. CCI,FCC IF, CCbFCF, 
CCIFCCIF:. trifluorochloropropane. difluorodichloromethane. 1-fluoro-1.1-d,chloroethane. ^^"^ 
So^oetLe. 1.1-difluoro^-chloroethane, methylene chloride, diethylether. isopropyl ether, n-pentene 
Semane. 2-methylbutane. methyl formate, carbon dioxide and mixtures thereof. Tnchlorofluoromethane 

^CEZSFZZ produced u.ng a froth-foaming method, such as the one disced in U * 
Patent NoTsW In this method, the frothing agent can be any materia! which is inert to the reactive 
IngSierSs and easily vaporized at atmospheric pressure. The frothing agent advantageously has an 
SosSc boiling oointT-50' to 10* C. and Includes carbon dioxide, dichlorodffluoromethane, monoch- 
3S1I «— monochlorotrtfluoromemane. 
fluoride, vinylidenefluor.de. 1,1-difluoroethane. 1.1.1-trichlorodifluoroethane and the l.ke. 
ferrad is dichlorodlfluoromethane. A higher boiling blowing agent is desirably used 
frothing agent The blowing agent is a gaseous material at the reaction temperature and advantageously has 
T2o?ph«ric boiling £int ranging from about 10 to 80'C. Suitable blowing agents «** J* 
loromonofluoromethane. 1.1^-trichloro-U^-trifluoroethane. acetone, pentane. and the l.ke. preferably tnch- 

" l0W ^SlSrSS* e.g.. trichlorofluoromethane blowing agent or combined trichtorofluoromethane 
bJ£ agTandTchlorodLromethane frothing agent, are emptoyed in an amount suffldent to gm .the 
rcsTZToam the desired bulk density which is generally between 0.5 and 10. preferaMy J^een 1 Jd ^ 
id most preferably between 1.5 and 2.5. pounds per cubic foot (between 8.0 and 60.0. preferably 
between 16 0 and 80.0, and most preferably between 24.0 and 40. kilograms per cub.c meter). The , oammg 
aoente generally comprise from 1 to 30. and preferably comprise from 5 to 20 we.ght percent of the 
IposKen a foaming agent has a boi.ing point at or below ambient it ^^ u^n pressure 
until mixed with the other components. Alternatively, it can be maintained at subamb.ent temperatures unt.l 
mixed with the other components. Mixtures of foaming agents can be employed. 

Any suitable surfactant can be employed In the foams of this invention. Successful results have been 
obtained with silicone/ethylene oxide/propylene oxide copolymers as surfactants. ^* les .^fj"* 
usefu. in the present invention include, among others. r^ethylsHoxan^ 
copolymers available from the Union Carbide Corporation under the trade names "L-5420 and L-5340 
ZTuZle Dow Coming Corporation under the trade name "DC193". Other su.table surfactants are 
*1 des^in U.S. Pai NoT4.365.024 and 4.529.745 and supplied by Sloss Industries » Corpo^o" 
under the trademarks Fbamstab 100 and 200. Generally, the surfactant compnses from about 0.05 to 10. 
and preferably from 0.1 to 8. weight percent of the foam-forming composition. „ rtauuilhan 
L of the catalysts conventionally employed in the art to catalyze the reaction of an .socyanate w,th an 
Isoc^^cSe compound can be" employed in the foam preparations of the invention. Such catalyste 
45 include organic and inorganic acid salts of. and organometallic derivatves of. b.smuth. lead to. on. 
Sny urani-m, cadmium, cobalt, thorium, aluminum, mercury, zinc, nickel cenum. molybdenum 
vanSn copper, manganese, and zirconium, as well as phosphlnes and terbary organic amines. 
Examples of su* catalysts are dibutyltin dilaurate. dlbutyWn diacetate. stannous octoate ead octoat* 
cobalt liSphtbenate. triethylamine, triethylenediamine. N.N.N .N -tetramethylethylened.am ne 1.1.3.3- 
tet^ethyiguanidine. N, N. N'N'-tetramethyl-1.3^utanediamine. N.N-dimethylethanolamme. N- 
SSSoTmine. and the like. The catalysts generally comprise from about .1 to 20. and preferably from 
0.3 to 10, weight percent of the total foam-forming composition. hlm 

In the preparation of the polyisocyanurate rigid foams, any catalysts known to catalyze the ^enzation 
of isocyanates to form isocyanurates. and to catalyze the reaction of isocyanate groups wtth hy*oxyl 
grouTto form po.yurethanes. can be employed. One preferred type of catalyst is a mixture of a terbary 
Lno Phenol, such as 2.4.6-tris( dimethylamino methyl)phenol (sold by Rohm and Haas Co. under th 
^rTr-DMP-30"). and an alkali metal carboxylate. such as potassium-2- thy. hex** . the synthesis 
and use of which are described in U.S. Patent No. 4.169.921. Th equivalent rato of terbary am.no phenol 
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to alkali metal carboxylate in the cocatalyst composition is desirably about 4:1 to 2.5:1. Another pr ferr d 
£ta.y* ZZ» is a mixture comprising (i) a a* of a low molecular weight carboxyhc ac,d se^^ected from 
me aroup consisting of an alkali metal salt and an alkaline earth metal salt and noctures thereof (e.g.. 
SaS a^tete) (ii) a salt of a higher molecular weight carboxylic acid selected from the group 
oSng SZSti L* saK and anllkaline earth metal salt and mixtures thereof the »gfr 
weight carboxylic acid having from about 5 to 30 carbon atoms (e.g. 

ZL (e.g.. 2.4.6-tris [dimethylaminomethylj phenol). This mixture is described .n U. S. Patent No. 

4 ' 71 Omer' additives may also be included in the foam formulations. Included are processing aids, viscosity 
reducers 22 \Z T-memyl-frpyrrolidinone. nonreactive and reactive flame retardants. such as toa£ 
SyiXsphate. disUX) agents, plasticizers. moid release agents, into** oomptftty 
agents and fillers and pigments. The use of such additives is well known to those skilled .n the art. 

T^e present invention also provides a process for producing a laminate wh.ch compnses (a) contacting 
at leaSoneSng sheet with afoam-forming mixture comprising the quasi-prepolymer. polyc , composit, on. 
SowS agent, catalyst and auxiliaries and additives as required (e.g.. a surfactant), and Mb) foaming the 
mixture The process is advantageously conducted in a ^^^^J^^Z 
foam-formina mixture on a facing sheet being conveyed along a production line, and preferably plaang 
S S« on the deposited mixture. The foam-forming mixture is «- « 

^temperature from about 20' C to 150* C in a suitable apparatus, such as an oven or heated mold 

Z Sg sieTpreviously employed to produce building panels can be employed ir, the present 
yJZZZ^*^** sheets include, among others, those of kraft paper, alummum, and 
asDhalt impregnated felts, as well as laminates of two or more of the above. 

vZZ materials of the invention can also be used, with or without a facer(s) for P£ 

The team materials of the invention can contain various reinforcement matenais. such as a quantity of 

eirS: i™byte all parts and percentages are by 

weight unless otherwise indicated. 
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EXAMPLE 1 



This example illustrates the preparation of polyisocyanurate foams (18% «™^^J™f* 
polyScyaS and a polyisocyanate prepolymer in combination with poiyester polyols having different free 

35 9,y 7n °Z "team preparation, the quantities of ingredients listed below In Table I were added to a vessel 
R rJ"tTAXonenT(a mixture^ the isocyanate. blowing agent and surfectent) ^"jnjd^j 
vessel and cooled to 15.6* C. The B-component (polyester polyoO at 25 C was then^ added to thwart, 
and all ingredients were mixed at 3600 rpm for 10 seconds. The C-component (catalyst) at 2S i C- was next 
mixed into the contents of the vessel over a 2-second interval. All ingredients were <her^m«ed at 3600 
mm fo an additional 10 seconds and then poured into a box, yielding a rigid oo^socyanurate loam 
^ZZL*» of the foams produced (Foams A-D) are shown i" Tab. • '-JJ 
demonstrate that foams prepared from the quasi-prepolymer (Foams C and D) have '°wer_mermai 
Sc^nilrements^foams prepared from an unmodified 

also show that the thermal conductivity of foam made from the unmodified isocyanate can be lowered by 
SaToTftee fy&l-containing polyester polyol (Foam B) in place of a polyester polyol < ttnteta I a 
h^ht frTalvcol content (Foam aV The optimum thermal conductivity lowering is attained by using the 
^Zil!^.^S^^ *• free ^.-containing polyester polyol In foam products 
(Foam D). 
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TABLE I 



PREPARATION OF POLYISOCYANURATE FOAMS 




FOAM 


INGREDIENTS(g) 




• i 


c I 


0 


A-Component 






Isocyanate 1 
Isocyanate 2 
R-11B 
Surfactant 3 


464.0 

110.0 
4.0 


432.0 

110.0 
4.0 


520.4 
114.0 
4.0 


497.4 
114.0 
4.0 


B-Component 






Polyol PS-3152C* 
Polyol PS-2002 5 


136.0 


168.0 


79.6 


102.6 


OComDonent 






Catalyst 6 

Reactivity, sec 

(Cream/Gel/FirnVTack-free) 

Density 7 , lb/ft 3 

% Closed Cells 

k-Factor Aging of 1 ■ Thick 

Core Samples* 

(Btu-in/hr-ft 2 -* F) 

Initial 

11 days 

29 days 

60 days 

90 days 

120 days 

182 days 

277 days 

364 days 

Ak-Factor, 364 days 


23.4 
17/26/33/35 

1.78 
87.6 

.117 
.133 
.142 
.148 
.152 
.154 
.158 
.162 
.164 
.047 


23.0 
15/25/29/33 

1.88 
89.1 

.112 
.124 
.129 
.136 
.140 
.143 
.148 
.152 
.156 
.044 


23.2 
16/-/46/50 

1.79 
89.5 

.117 
.130 
.132 
.140 
.144 
.146 
.152 
156 
.158 
.041 


23.1 
13/37/45/70 

1.83 
89.7 

.108 
.118 
.121 
.124 
.128 
.130 
.135 
.140 
.142 
.034 



Footnotes: 



1. isocyanate having an equivalent weight of 138, an acidity of 0.03% HCI. and a viscosity of 2000 

^ *? polyesftr frtfyol derived qoasi-prepolymer having a viscosity of 13.650 cps at 25' C and a free 
isocyanate content of 24.8 % (BASF Corporation). 

3 Surfactant supplied by the Union Carbide Corporation under the trade name L-5340 

4 SSSwSSc « faction product of phthallc anhydride and diethylene glycol (DEG) havng a 
hydroxy! Sr of 320, a viscosity at 25' C of 2,500 cps and 15% free DEG (Stepan Company . 
hydroxy. J^p^ = reactj ^ n fKM Qf phthallc ^ride ^ DEQ hav.ng a hydroxyl number of 

«m a «iscosltvat25"Cof9120cpsand4%freeDEQ(StspanCompany). 

' J^^TJ^u^ m the form of a solution in DEQ in a weight ratio of 1.18 potasaum 
acetate:1.62 potassium octoate:0.69 DMP-30: 6.51 DEG. 

7. lb/ft 3 x 16.0 = kg/m 3 . 

8. Btu-in/hr-ft 2 - 'Fx .144 = watts/m- C. 



EXAMPLE 2 
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This example illustrates the synthesis of polyisocyanurate foams (10% trimer) using a quasi-prepo.ym r 
and a low free glycol-containing ingredients and quantities 

use of the isocyanate prepolymer and polyester polyol. 

TABLE II 
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PREPARATION OF POLYISOCYANURATE FOAMS 



INQREDIENTS(g) 



FOAM 



A-Component 



Isocyanate 1 
Isocyanate 2 
R-11B 
Surfactant 3 



380.0 

104.0 
4.0 



326.0 

104.0 
4.0 



418.0 
108.0 
4.0 



375.2 
108.0 
4.0 



B-Component 



Polyol PS-3152C 4 
Polyol PS-2002 5 



220.0 



174.0 



181.2 



224.8 



C-Component 



Catalyst 6 

Reactivity, sec 

(Cream/Gel/Firm/Tack-free) 

Density 7 , lb/ft 3 

% Closed Cells 

k-Factor Aging of 1" Thick 

Core Samples 8 

(Btu-in/hr-ft?-* F) 

Initial 

11 days 

29 days 

60 days 

95 days 

120 days 

180 days 

270 days 

364 days * . 

Ak-Factor, 364 days 



19.4 
20/33/40/40 

1.68 
89.1 



.130 
.138 
.146 
.152 
.153 
.159 
.160 
.165 
.167 
.037 



19.6 
13/22/28/29 

1.56 
90.8 



.114 
.124 
.128 
.134 
.138 
.142 
.145 
.150 
.152 
.038 



50 



1. OtExampfe 1. 

2. "** * 

3. " 



19.5 
19/36/47/50 

1.59 
86.3 



.127 
.135 
.142 
.148 
.152 
.152 
.158 
.160 
.163 
.036 



19.4 
10/24/33/33 

1.65 
86.1 



.112 
.116 
.120 
.122 
.124 
.128 
.134 
.136 
.138 
.026 



55 



5. Of Example 1. 

6. " 

7. lb/ft 3 x 16.0 = kg/m 3 . 

8. Btu-in/hr-ft 2 - "Fx .144 = watts/m- C. 
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This example illustrates the preparation of a quasi-prepoiymer and its use in 
polyols having different free glycol contents in the production of poly.socyanurate foam (10% timer). 

A. Preparation of Quasi-Prepolymer 

A drv reaction vessel equipped with an agitator, thermometer, addition funnel and inlet for nitrogen gas 
was ch^rl S7 parti oTa po.yfcbcyanateV The isocyanate ^^.^TparSTa 
throuohout the preparation. The polyisocyanate in the vessel was heated to 90 * 2 C. 9.9 parts o a 
P^lyeSr polyoP were added at a constant rate over a period of 90 to 120 rmnutes n»M the 
temWire at 90 t 2* C. After the polyol addition was completed, the reaction was contmued at 90 * 2 C 
r^dlna. 90 minis. The quJprepoiymer produced had a viscosity of 13.750 cps at 25 C and a 

fr9e 'T^^Zt 2 ^^ weight of 133 and a viscosity of 180-200 cps at 25* C 

I SST- ration product of phthalic anhydride and ethylene glycol having a hydroxyl number of 
300 and a viscosity at 25' C of 31 .600 cps. 

B. Preparation of Polyisocyanurate Foams 

The foam syntheses were conducted according to the procedure of Example 1 uH Ungj ^ngrsdM 
and auanLs hereof presented in Table III below. Characteristics of the foams produced (Foams A-C) are 
^ r*e Th^ata show that the combined use of the quasi-prepolymer and low free glycok 
cSning raster polyol results In a lower thermai conductivity than use of the q U as,-prepoiymer with a 

polyester polyol having a higher glycol content 
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TABLE III 



PREPARATION OF POLYISOCYANURATE FC 


)AMS 






FOAM 




INGREDIENTS 


A 


B 


C 


(pts. by wt) 








A-Component 








Isocyanate 1 
Isocyanate 2 
R-11B 
Surfactant 3 


253 

65.0 
2.67 


269 
56.8 
2.67 


242 
62.4 
2.67 


B-Component 








Polyol PS-3io<it/ T 
Polyol PS-2002 S 


147 


131 


158 


C-Component 








Catalyst 8 * 

Density 7 , lb/ft 3 t . 
k-Factor Aging of 1 tt Thick Core Samples 8 (Btu-in/hr-ft 2 - r) 

Initial 
10 days 
30 days 
60 days 
90 days 


13.3 
1.64 

.128 
.137 
.144 
.150 
.154 


13.3 
1.68 

.118 
.122 
.128 
.136 
.140 


13.3 
1.72 

.106 
.112 
.114 
.118 
.122 



l.Of Example 1. 

2. Quasi-prepolymer of Example 3A. 



3. Of Example 1. 

4. Of Example 1. 

5. Of Example 1. 

6. Of Example 1. 

7. lb/ft 3 x 16.0 = kg/m 3 . 

8. Btu-in/hr-ft 2 - * F x .144 = watts/m-C. 



EXAMPLE 4 



This example Illustrates the synthesis of further po.ylsocyanurate foams (18% ^imer) utilizing a quasi- 
prepolymeri^nl^ the ingredients ^ 

polyester polyol in foam production. 
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TABLE IV 



PREPARATION OF POLYISOCYANURATE FOAMS 






FOAM 




INGREDIENTS 


A 


B 


C 


(pts. by wt.) 








A-Component 








Isocyanate 1 
Isocyanate 2 
R-11B 
Surfactant 3 


309 

73.0 
2.67 


331 
592 
2.67 


319 
65.4 
2.67 


B-Component 








Polyol PS-3152C* 
Polvol PS-2002 5 


91 


69 


81 


OComponent 






Catalyst 6 
Density 7 , lb/ft 3 

k-Factor Aging of 1° Thick Core Samples 8 (Btu-in/hr-ft 2 - F) 

Initial 

10 days 

30 days 

60 days 

90 days 


13.3 
1.72 

.122 
.133 
.141 
.147 
.154 


13.3 
1.77 

.125 
.130 
.132 
.140 
.150 


13.3 

.112 
.117 
.122 
.130 
.132 



I.Of Example 1. 

2. Quasi-prepolymer of Example 3A. 

3. Of Example 1 . 

4. Of Example 1 . 

5. Of Example 1. 

6. Of Example 1 . 

7. lb/ft 3 x 16.0 = kg/m 3 . 

8. Btu-in/hr-ft 2 -"Fx .144 = watts/m- C. 



Claims 

1. A polyisocyanurate foam comprising the reaction product in the presence of a blowing agent and 

"^afan isocyanate group-terminated quasi-prepolymer prepared by reacting an organic polyisocyanate 
with an organic compound having at least two active hydrogen atoms, and 

(b)lminor^mount of polyol component characterized in that the polyol component compnses 
• j) a polyester polyol having a free glycol content of less that about 7 percent by we.ght of the 

^^\vT!Zur* of the low free glycol-containing polyester polyol with at least one other polyol. the 
total free g ycol content of mixture (b) being less that about 7 percent by weight of the po lyester 

2. The polyisocyanurate foam of Claim 1, characterized in that quasi-prepolymer (a) is the reaction 

S^ofganic polyisocyanate. the organic polyisocyanate preferably being toluene diisocyanate, diphenyl- 
methane diisocyanate, polymeric MDI. or mixtures thereof and 

SH^omatic polyester polyol, the aromatic polyester polyol preferably being the reaction prod uct of 

% X (a) e^r-containing by-products from the manufacture of dimethyl terephthalat , (b) scrap 
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oolvalkvlen ter phthalates, (c) phthalic anhydride, (d) residues from the manufactur of phthaJ.c ac»d or 
ter phthalic acid, (f) residues from th manufactur of terephthalic acid, (g) 
taS^- (hj trimellitic anhydride, (i) phthalic acid, or (i) combinations thereof, and 
fift at least one low molecular weight aliphatic polyhydric alcohol, 

ar!d pS exponent (b) is an aromatic polyester polyol, the aromatic polyester po.yol preferably being the 

[rl^S^lr^ntaining by-products from the manufacture of dimethyl terephthalate, (b) scrap 
IS,; \arSntTa?r?c) phLt anhydride, (d) residues from the manufacture of phthalic ac.d o 
SSthydS <e) terete acid, (f) residues from the manufacture of terephthalic aad. (g) 
TsophlSalirJid, (h) trimellitJc anhydride, (i) phthalic acid, or (J) combinations thereof, and 
fin at least one qlycol or a mixture of polyols containing at least one glycol. 

( ° 3 CpoiS^yanurate foam of Claims 1 or 2. characterized in that quasi-prepolymer (a) .s the 
■~*w2S? toluene diisocyanate. diphenylmethane diisocyanate. polymeric MDl. or mixtures thereof. 
TOSSSS: 3STS tXTpSTp*- P-erab, being »e reaction product 



of 

(i) phthalic anhydride and 



(ii) at least one low molecular weight aliphatic polyhydnc alcohol, 
a, 4 The rSScyanurate foam of Claims 1.2 or 3. characterized in that quas.-preoolymer W »mctod 
with ar , anSc^lyester polyol which is the reaction product of a polycarboxyhc aad component, the 
pXc^ZJc a^S component preferably being phthalic anhydride, phthalic aad. or moctures thereof, and 

an aliphatic diol of the generic formula: 
HO-R-OH 
25 wherein R is: 

(a) an aikylene radical containing from 2 through 6 carbon atoms, 

(b) a radical of the formula: 

wheels an aikylene radical containing from 2 through 6 carbon atoms, and m is an integer of from 1 
30 through 4, or 

^^SSS^*^ of any one of the preceding claims, characterized '" that quasi- 
prepolyn^ (aTisSed with an aromatic polyester polyol having a free glycol content of iess than about 5 

percent by weight of the aromatic polyester polyol. ^^^ci in that the blowing 

7 The oolyisocyanurate foam of any one of the preceding cla.ms, characterized in that the blowing 
fln «n,' wateTT rtlogen. carbon dioxide, readily volatile organic substances, compounds which 
declpUTibe^^ ordures thereof, and preferably is a chlorinated or fluorinated hydroc*- 
* SoTJSeT of^hydrocarbons. or mixtures of said hydrocarbons with water, and the foam optionaHv 
Sud^^sc^ redlr. flame retardant. dispersing agent, plasticizer. mold release agent an.,ox,dant. 
compatibility agent, filler or pigment or mixtures thereof. 
Ta ^ifStecomprising at least one facing sheet adhered to the poly.socyanurate foam of any one of 

so rrXtt^ane %L comprising the reaction product in the presence of a biowing agent and a 

^tafan isocyanate group-terminated quasi-prepolymer prepared by reacting an organic polyisocyanate 
with an organic compound having at least two active hydrogen atoms, and 

(b a polyol component characterized in that the polyol component comprises a Poh^™*" 

^Tp-S" im "fcS-formlng composition and having th sam index except that the po.yo. 
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component does not include the low fr e glycol-containlng polyester polyol. 

iTa laminate comprising at least one facing sheet adhered to the polyur than foam of clam l 
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